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Evaluation of Characteristics of Anisotropic Deformation in Manufacturing
of Latge-scale Glass-ceramic Composite Sintered Body
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We studied the anisotropic shrinkage and deformation characteristics of large size sintered bodies in the manufacturing of glass-ceramic
composite wasteform. We used uranium-bearing waste, generated from the treatment of spent uranium catalyst. Sintered specimens were
prepared in several forms, comprising a circular disk, and a quarter disk in several diameters of up to 40 cm. Regardless of form or size,
the sintered bodies had high isotropic shrinkage when they were fabricated using green bodies prepared at 60 MPa. The average anisotropy
rate and average shrinkage rate were 1.6%, and 37.4%, respectively. We confirmed that the glass-ceramic composite wasteform in a large
scale disk-type for packing in a 200 L drum could be fabricated with a tolerable anisotropy shrinkage. This has resulted in a significant

reduction in the volume of radioactive waste to be disposed of with highly stable wasteform.

Keywords: Radioactive wasteform, Isotropy shrinkage, Immobilization, Glass-ceramic composite, Volume reduction,
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Fig. 1. SENSEI process developed for treatment of spent uranium catalysts.
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Sintered Body
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Fig. 2. Concept of packing sintered radioactive waste for disposal in drum.

Fig. 3. Photos of dies with diameters of 1, 3, 5, 10 cm and one quarter
of 10 cm-diameter circle (A), press for dies in photo of (A) (B),
and large press for die of one quarter of 40 cm-diameter circle (C).
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Table 1. Compositions of U-bearing waste and U-free waste, which were obtained at filter-press after dissolution of the uranium and uranium-free catalysts

Elements Sb,0, uo, Si0, Fe,04 Na,Si0, CuO
U-bearing waste 424 18.0 12.2 11.5 15.9 -
wt (%)
U-free waste 71.9 - 6.3 10.6 2.1 3.1
wt (%)
AHEEE A e MO R Fig. 1 349 &3l & &3l ¢ 5 ukE SvE &8 5 2 sk v 8E] LFE el
3 A e v g ARES AR ] A 1em, 5 em,  EAEHE U090 wioodhEo] CeO,2 A7lste] whEgith 2
10 cm 9% t2=, 2174 10 cm 99 1/4 ALY vz A7 AFAS vE7] 3 RE A AlEE Ax T 2
2 372 i A 40 cm A9 1/4 FAE B 22 84F A YAES] dFo] Yle vA 22 dE 2 vhEaL, o]
AE WHEIL o5& A AT Fig. 3ollv & ATollA o B4R (B,0,) 7 F o] &5 WA 7| oA S-S
AREEH A Thekek 2719 AP AE A7) Sl FEQl wwlEte] AlgYAtEe] d A SR EHEE st B4
tho](Die)of Z#| = (Press) “dH| o] Abxlo] vreht ek, 4l AilshE o] H7bEE tid A=l SR8k Sio, el ek
& gl g3 Fe 1/4 27 AYAE 415 THELL o] 7HEE B,0,2] wi H]E (SiO, wi%/B,0; wt%)©] 3.57} =
£ 24% & g8t Fig. 2 (B)oF 2 dhe] t2a d =5 HA7HEHATHELL ol FA Sl EFAEE= flolA e
fref-Aleke] 24AE HE AlAek it e 2719 AR AE TV 8 Sl E 2 ool o A%
B a3t ATE Yl A E AEE A dudt 21 & 9al oF 60 MPaR Q53T o] A b ofe] W]
A4 fehE HE5 AR s g Sl Udfree ZolE A3 E 2he 7% A7 Aol Zo2dx 358 & 3
Fig. 1 &9 &DAE 71H DEATE S, W ANEE T = Hd & 2este] A d Zoln. oju] wEox H¥
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Fig. 4. Photos of green body of 100 mm diameter disk
and its corresponding sintered body showing points where
its diameter was measured, and tables showing dimension values
measured for each body.
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Fig. 5. Photos of green body of 100 mm diameter disk consisting
of 4 quarters and its corresponding sintered body showing points
where radii of one quarter were measured, and tables showing
dimension values measured for each body.
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Fig. 6. Shrinkages of radical and axial directions, and volume
of disk-type sintered bodies after sintering the green bodies fabricated
with different diameters and shapes by using the waste powder obtained
from treatment of spent uranium catalyst.
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Fig. 7. Shrinkages of radical and axial directions, and volume
of disk-type sintered bodies after sintering the green bodies fabricated
with different diameters and shapes by using the waste powder obtained
from treatment of U-free catalyst.
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Fig. 9. Photos of assembly of sintered bodies which were manufactured
by 4 quarters of green body disk in 40 cm diameter.
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